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Abstract 
Design knowledge and experience are the bases to carry out aircraft conceptual design tasks due to the high complexity and 
integration of the tasks during this phase. When carrying out the same task, different designers may need individual strategies to 
fulfill their own demands. A knowledge-based and extensible method in building aircraft conceptual design systems is studied 
considering the above requirements. Based on the theory, a knowledge-based aircraft conceptual design environment, called 
knowledge-based and extensible aircraft conceptual design environment (KEACDE) with open architecture, is built as to enable 
designers to wrap add-on extensions and make their own aircraft conceptual design systems. The architecture, characteristics and 
other design and development aspects of KEACDE are discussed. A civil airplane conceptual design system (CACDS) is 
achieved using KEACDE. Finally, a civil airplane design case is presented to demonstrate the usability and effectiveness of this 
environment. 
Keywords: conceptual design; knowledge engineering; aircraft aerodynamics; structural design; weight estimation; multidisci-
plinary design optimization 
1. Introduction1 
Aircraft design is an information intensive engi-
neering process full of evaluation and decision-ma- 
king [1]. Conceptual design phase, compared with the 
entire design process, consumes relatively less time 
and costs; however, many tasks should be carried out 
and a lot of important decisions will have to be made 
during this period. It is estimated that as much as 80% 
of the life cycle costs of an aircraft is decided in the 
conceptual design and preliminary design phase [2]. 
Due to the high complexity and integration of the 
tasks that should be completed during this phase which 
contain initial concept generation, analysis, evaluation, 
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optimization, etc., and considering the fact that all the 
design tasks should be accomplished in a short period 
of time, design knowledge and experience play a very 
important role in the process of aircraft conceptual 
design. The designers use their knowledge gained 
through years of practice to carry out the conceptual 
design tasks and accelerate the design process. How-
ever, these knowledge and experience, such as a spe-
cific method for modeling moving surfaces of wings 
and a fast meshing measure for computational fluid 
dynamics (CFD) calculation, are mainly in the design-
ers’ brain and can hardly be shared and reused by oth-
ers. Hence, it would be beneficial to use advanced 
software methods to transform this knowledge to 
software tools and systems that can help aircraft de-
signers carry out conceptual design tasks and lessen 
their burden. 
In order to improve the quality and efficiency of the 
conceptual design, many researches have been con-
ducted and several aircraft conceptual design software 
systems have been explored during the last few years. 
AAA [3], ACSYNT [4], RDS [5-6], SEACD [7] and vehicle 
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sketch pad [8-9] are typical systems among them. Though 
these systems can provide support for performing air-
craft conceptual design tasks to a certain extent, they 
can hardly fulfill all the demands of the aircraft de-
signers because those are closed systems. The design 
of different types of aircraft, such as military aircrafts 
and civil airplanes, requires different knowledge-based 
conceptual design methods and different designers 
may need individual tools to fulfill their own demands 
even in carrying out the same task. Knowledge-based 
approach is the use of advanced software techniques in 
capturing, formalizing and applying knowledge engi-
neering in different design aspects. Therefore, the ideal 
system for the aircraft conceptual design must be an 
open and extensible environment so that designers can 
wrap add-on knowledge-based extensions and make 
their own aircraft conceptual design systems.  
To achieve the objective mentioned above, this pa-
per highlights the development and characteristics of 
the knowledge-based and extensible aircraft concep-
tual design environment (KEACDE), an open and 
knowledge-based aircraft conceptual design environ-
ment. The following kinds of knowledge are included 
in this environment: the description of the aircraft 
product data, the design scenarios, the methods and 
tools of modeling, analysis and optimization, and the 
basic data libraries such as aircraft library and airfoil 
library. The paper also presents a civil airplane con-
ceptual design system (CACDS) which is constructed 
using KEACDE. A civil airplane design case is com-
pleted to prove the effectiveness of the environment. 
2. Architecture and Characteristics of KEACDE 
2.1. Architecture of KEACDE 
KEACDE is developed based on web technology. 
The architecture of KEACDE contains two levels as 
shown in Fig. 1. 
The first level is KEACDE basic suite which con-
tains two parts, the knowledge component engine 
(KCE) and the extensible basic database (EBD). 
 
Fig. 1  Architecture of KEACDE. 
KCE is an engine with which designers can make 
their own aircraft conceptual design systems. Knowl-
edge wrapper of KCE can be used to wrap designers’ 
knowledge so as to create the knowledge components 
(or called engineering components) which can be 
turned into the software tools and application systems 
that can be easily reused. A knowledge component is a 
software package capturing knowledge engineering 
with which designers can carry out specific design 
task. It usually contains two parts: one is the product 
data description for the design object; the other is the 
methods and tools with which users can get the results 
and data of the design object. Through knowledge 
components engineering teams can capture, formalize 
and reuse complex engineering knowledge as building 
blocks. KCE will store these knowledge components 
in its knowledge server through the web. When de-
signers carry out the tasks of aircraft conceptual de-
sign, they can download appropriate knowledge com-
ponents from knowledge server to their local PC to 
help with the design.  
EBD is a basic open database frame with which de-
signers can construct databases needed. In other 
words, it is a system that can produce databases. De-
signers can use EBD to easily construct any type of 
databases they want, such as aircraft library, aircraft’s 
engine library, airfoil library, etc. 
The second level of KEACDE is the different types 
of conceptual design systems which are built with 
KEACDE basic suite. Each of the systems contains an 
engineering component and a basic supporting data-
base. Two demonstrative conceptual design systems 
have been made in KEACDE, civil airplane conceptual 
design system, and military aircraft conceptual design 
system. 
2.2. Methodology for constructing knowledge com- 
ponent in KEACDE 
The KEACDE basic suite uses KCE to provide 
powerful knowledge wrapping and applying capabili-
ties to support engineering teams in the entire concep-
tual design process. The whole workflow of the appli-
cation of KCE is shown in Fig. 2. 
 
Fig. 2  Workflow of the application of KCE. 
No.6 FENG Haocheng et al. / Chinese Journal of Aeronautics 24(2011) 709-719 · 711 · 
 
The essential work of wrapping a knowledge com- 
ponent in KEACDE consists of the following two 
aspects: constructing the description of the product 
data and wrapping the methods and tools which can 
generate the data to describe the product. 
In KEACDE, the description of the product data 
which involves the product and its subassemblies is in 
a hierarchical structure. This description structure con-
sists of both geometric nodes and non-geometric 
nodes. For example, the description of a typical mili-
tary aircraft includes the data of its geometry, aerody-
namic, weight, performance, stealthy and cost, as well 
as the relationships between the nodes such as pa-
rameter passing, formulas and other information, in-
cluding the change of geometry causing the simulta-
neous change of the aircraft weight. The KEACDE 
knowledge wrapper provides a tool called contents 
manager with which designers can easily define the 
description of the product and the relationships be-
tween the nodes without programming. 
After the description of the product data is defined, 
it is necessary to wrap the methods and tools which 
can generate the product data, including design meth-
ods and analysis approaches. Design methods are 
mainly related to the geometry and their outputs will 
affect the results of the analysis. Designers can wrap 
the design and analysis methods of complex mathe-
matical calculations, in-house programs and even 
commercial CAD (Computer Aided Design) and CAE 
(Computer Aided Education) softwares like CATIA 
and FLUENT. None of the wrapping works need the 
designers to program because KEACDE knowledge 
wrapper can provide a non-programming wrapping 
tool called flexible extension tool, with which design-
ers can wrap algorithms and in-house programs, and 
make secondary development in commercial software. 
The method of wrapping in-house programs with 
flexible extension tool is to parse the input and output 
files of the programs and extract the concerned pa-
rameters as the input and output parameters. When 
running the program under the framework of 
KEACDE, flexible extension tool modifies the input 
parameters and drives the program to get the output 
parameters. It has two technical ways of making sec-
ondary development and integrating commercial soft-
ware. One is making secondary development in com-
mercial software through the component object model 
(COM) interface using flexible extension tool, such as 
driving CATIA to model by the input file through 
COM interface. The second way is making secondary 
development through the script of commercial soft-
ware by parsing the script and extracting the important 
parameters as input parameters with flexible extension 
tool. When running the script under the framework of 
KEACDE, flexible extension tool modifies the input 
parameters and drives the commercial software 
through the script to perform the tasks and get the 
model or output parameters. 
 
When the two aspects of defining works mentioned 
above are finished, a knowledge component is packaged 
and then published on the knowledge server. Desig- 
ners can then use these knowledge components as the 
building blocks to build their own aircraft conceptual 
design systems. Fig. 3 shows the two aspects of the 
knowledge component and their relationships. 
 
Fig. 3  Two aspects of knowledge component and their 
relationships. 
2.3. Extensible basic database of KEACDE 
EBD is another main part of the KEACDE basic 
suite. It is a web-based and extensible database system, 
with which designers can construct the databases used 
during the conceptual design phase without program-
ming. EBD is based on brower/server architecture. 
Designers can develop a database using EBD 
through the following steps. First, define the hierar-
chical structure of the data. Then configure the attrib-
utes of the data, and finally upload the data to the 
nodes of the hierarchical structure. 
To meet the above requirements, EBD provides the 
following basic features: 
(1) The capability of data management, including 
the abilities to construct, modify and delete the hierar-
chical structure and configure the attributes of the data, 
to input, modify and delete the data, to import and ex-
port data, and to define and manage the data importing 
templates; 
(2) The capability of data searching, including key-
word searching, structured searching, etc; 
(3) The capability of data viewing, including view-
ing the data’s hierarchical structure, the basic data, the 
data files such as word and excel, the model files like 
CATIA models, the picture data, and the video data; 
(4) The capability of data analysis, designers can use 
EBD to analyze data and generate data charts and re-
ports. 
EBD supports numeral data, character data, file 
data, model data, picture data, video data, etc. Fig. 4 
shows the landing gear library built by EBD. 
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Fig. 4  Landing gear library built by EBD. 
3. CACDS of KEACDE 
In order to provide convenience for the users of 
KEACDE as much as possible, two built-in web-based 
aircraft conceptual design systems, namely CACDS, 
and military aircraft conceptual design system 
(MACDS), have been constructed using KEACDE 
basic suite. Designers can either use these systems to 
carry out engineering tasks or make add-on extensions 
upon these systems. The features and characteristics of 
civil airplane conceptual design system are presented 
below. 
3.1. Architecture and workflow of CACDS 
The architecture of CACDS contains three levels as 
shown in Fig. 5. The first level contains the basic da-
tabases which are constructed by the EBD of 
KEACDE basic suite and can provide data used in the 
design process. The second level contains the design 
and analysis components with which designers can 
carry out design tasks. The components are wrapped 
by KCE of KEACDE basic suite. The third level is the 
management layer. By using this layer, designers can 
launch multidisciplinary design optimization (MDO) 
tasks and manage all the data generated in the design 
process. All three layers are integrated in the 
KEACDE operation and integration framework. 
 
Fig. 5  Architecture of CACDS. 
The workflow of designers carrying out the design 
task in CACDS is shown in Fig. 6. Designers can ac-
complish the whole conceptual design process with the 
aid of CACDS from geometry modeling, as well as 
initial analysis to concept optimization. 
 
Fig. 6  Workflow of carrying out design task in CACDS. 
3.2. Description of a civil airplane’s product data 
The description of the civil airplane’s product data is 
the core of the data organization and tool configuration 
of CACDS. This paper develops a description method 
which can fulfill the designers’ demands in the con-
ceptual design phase. This method divides the descrip-
tion of civil airplane’s product data into five aspects: 
geometry, propulsion, aerodynamics, weight, flight 
performance and cost. Each data of these five aspects 
can be subdivided. 
The geometry data of the civil airplane can be sub-
divided into the data of fuselage, wings, empennages, 
nacelles, landing gears, cabin configuration, cargo 
configuration, engine layout, etc. 
The propulsion data includes the physical character-
istics, thrust characteristics and characteristics of the 
fuel consumption. 
During the conceptual design phase, the aerody-
namics mainly involves lift coefficient CL, drag coeffi-
cient CD, lift curve slope CLα, maximum lift coefficient 
CLmax, zero lift drag coefficient CD0 and lift-drag ratio 
CL/CD characteristics at different Mach numbers. 
The weight data includes the maximum take-off 
weight, operational empty weight, structure weight, 
fuel weight, powerplant weight, fixed equipment 
weight and the center of gravity. 
The data of the flight performance can be further di-
vided into the information of take-off performance, 
climb performance, descent performance, landing per-
formance, cruise performance, etc. 
The cost data includes the life cycle cost, research 
development test evaluation (RDTE) cost, operating 
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cost, etc. 
Fig. 7 shows the hierarchical structure of the civil 
airplane’s product data. 
 
Fig. 7  Hierarchical structure of civil airplane’s product data. 
3.3. Geometric modeling methods and tools 
After the definition of the description, it is required 
to wrap the design and analysis methods and tools to 
aid designers to carry out the design work. In the field 
of the airplane’s geometric modeling, the CACDS has 
wrapped and integrated CATIA as its modeling tool, 
considering the continuity of the model from the con-
ceptual design to the preliminary and the detailed de-
sign phases. This paper has employed the flexible ex-
tension tool of KEACDE knowledge wrapper to con-
duct the secondary development in CATIA and has 
created useful modeling tools of CACDS. The model 
generated from CACDS is in CATIA format. 
CACDS provides a series of parametric modeling 
tools, with which designers can construct their concept 
model of airplanes quickly. The features of the geo-
metric modeling functions in CACDS are presented as 
follows: 
(1) Fuselage  CACDS enables designers to easily 
create the fuselage by sketching the contour lines and 
defining section data. The designer can also simply 
move the control points of the model to modify the 
fuselage. CACDS also provides a series of valuable 
tools to facilitate the design of the fuselage, such as 
portholes, doors and windshields modeling tools. 
Fig. 8 shows the design of windshields using CACDS. 
 
 
Fig. 8  Design of windshields using CACDS. 
(2) Wings  in CACDS, designers can model multi- 
section wings by employing parameters of wing aspect 
ratio, wing area, wing taper ratio, wing quarter chord 
sweep angle and by defining the sections and airfoils’ 
data. The airfoil data can be loaded from the airfoil 
library of CACDS. The tasks of designing wing tanks 
and wing structures can also be carried out through 
CACDS. Fig. 9 shows the design of the geometry of 
wings using CACDS. 
 
Fig. 9  Design of geometry of wings using CACDS. 
(3) Cabin  configuration CACDS can provide pa-
rametric methods to configure the airplane’s cabin. 
Designers can interactively define the configuration of 
cabin classes, seats and luggage racks in CACDS. 
Fig. 10 shows the design of cabin configurations using 
CACDS. 
 
Fig. 10  Design cabin configuration using CACDS. 
(4) Landing gears  designers can design the layout 
of the landing gears and define the geometry of them 
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through CACDS. Fig. 11 shows the design of landing 
gears using CACDS. 
 
Fig. 11  Design of landing gears using CACDS. 
(5) The layout of the engines and other equip-
ment CACDS allows designers to lay out the engines 
and other equipment in its modeling environment. 
Designers can load the models of the engines and other 
equipment either from libraries of CACDS or from 
their local hard disks. 
Other components’ modeling and configuration de-
fining methods are similar to the five aspects discussed 
above. For example, the modeling method of empen-
nages is similar to that of wings, nacelles that of fuse-
lage, cargo configuration that of cabin configuration, 
etc. 
The establishment of this series of parametric air-
craft configuration design and geometric modeling 
methods can facilitate designers’ quickly generating 
their concept model. The parametric design method 
also lays a good foundation for multidisciplinary 
analysis based on configuration parameters. 
3.4. Weight calculation methods and tools 
In CACDS, the weight calculation methods contain 
two parts, the estimation of weight and the calculation 
of the center of gravity. The configuration parameters 
and models needed in weight calculation can be passed 
automatically from the geometric design module. 
To estimate the weight in the conceptual design 
phase, CACDS wraps the weight calculation algorithm 
of AAA [3] and makes some add-on extensions, such as 
generating charts and reports after calculations. Fig. 12  
 
Fig. 12  Calculation of weight in CACDS. 
shows the calculation of weight in CACDS. In the 
estimation of structure weight, CACDS also enables 
designers to calculate it based on the models using 
CATIA’s weight calculation API. 
The calculation of the center of gravity module in 
CACDS involves a secondary development tool based 
on CATIA. Therefore, users can calculate the center of 
gravity of the models generated by CACDS. 
3.5. Aerodynamic calculation methods and tools 
Generally, there are three levels of aerodynamic 
calculation methods and tools involved in the whole 
aircraft design process. Designers can get the aerody-
namic characteristics through all of them, but the ac-
curacy of the results and the calculation time required 
are different. Table 1 shows the comparison of the 
three levels of aerodynamic calculation methods and 
typical tools. 
Table 1  Comparison of three levels of aerodynamic cal-
culation methods and typical tools 
Tool Method Requirement for model 
Analysis 
speed 
Datcom [10] Engineering algorithm 
Basic parameters 
of aircraft Fast 
PANAIR [11] Panel method Medium Medium 
CFX [12] Commercial CFD software High Slow 
 
The tools of the first level are based on engineering 
algorithm and interpolation of data in aerodynamic 
databases, such as Datcom [10].  
The tools of the second level are based on the panel 
method and Euler method, such as VSAero [13] and 
MGAero [14]. 
The tools of the third level are commercial CFD 
software, such as CFX [12] and FLUENT [15]. 
The objective of aerodynamic calculation in CACDS 
is to get the CL, CD, CLα, CLmax, CD0 and CL/CD charac-
teristics at different Mach numbers and altitudes. Be-
cause medium calculation accuracy and short comput-
ing time are required during the conceptual design 
phase, the first and second levels of aerodynamic cal-
culation tools are integrated in CACDS. 
On the first level, CACDS integrates an in-house 
program called ASAero based on engineering algo-
rithm developed by the paper. On the second level, 
CACDS integrates PANAIR [11] based on the panel 
method. 
3.6. Other defining and analyzing methods and tools 
in CACDS 
During the conceptual design phase, the propulsion 
data is an important input data for the analysis of flight 
performance, cost and other evaluation aspects. Con-
sidering its use, the propulsion data in CACDS focuses 
on the propulsion’s physical characteristics, thrust 
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characteristics and the characteristics of fuel consump-
tion. CACDS provides a propulsion data defining 
module, in which designers can either define propul-
sion data manually or select powerplant and load its 
data from powerplant library of CACDS. Fig. 13 
shows the powerplant library of CACDS. 
 
Fig. 13  Powerplant library of CACDS. 
Flight performance is an essential aspect in the as-
sessment of civil airplanes’ performance. During the 
conceptual design phase of a civil airplane, its flight 
performance mainly involves its take-off performance, 
climb performance, descent performance, landing per-
formance and cruise performance. In order to analyze 
the results mentioned above, CACDS integrates an 
in-house performance analysis tool called STARPer-
form developed by the paper based on the classical 
flight performance calculation algorithm [16-17]. When 
designers carry out a flight performance analysis task 
in CACDS, a lot of parameters needed in calculation 
will be automatically passed on to STARPerform be-
cause they have been defined in other modules of 
CACDS, such as geometry, aerodynamic, weight and 
propulsion data. Thus designers can get the results 
quickly and conveniently. Fig. 14 shows the user in-
terface (UI) of STARPerform. 
 
Fig. 14  UI of STARPerform. 
Cost is another evaluation factor which must be 
taken into consideration during the conceptual design 
phase of civil airplanes. Based on some amendments 
of the calculation algorithm of AAA [3], CACDS wraps 
a new cost analysis tool called STARCost, which fo-
cuses on the calculation of civil airplanes’ life cycle 
cost and direct operating cost and helps designers to 
analyze the cost of their concepts. The calculation of 
direct operation cost (DOC) in STARCost uses the 
parametric estimation model for DOC developed by 
Roskam [18]. According to Ref. [18], the Roskam’s 
DOC analysis model includes the following parts: 
DOC of flying, DOC of maintenance, DOC of depre-
ciation, DOC of financing and DOC of landing fees, 
navigation fees and registry taxes. The input parame-
ters for the Roskam’s DOC model are basic airplane’s 
design and performance data. When carrying out cost 
analysis task, the parameters needed in the calculation 
will be passed automatically from other modules of 
CACDS. Fig. 15 shows the UI of STARCost. 
 
Fig. 15  UI of STARCost. 
3.7. Optimization methods and tools 
To enable designers to optimize their concepts in an 
easy and efficient way, CACDS integrates ModelCen-
ter [19] as its optimization tool. As discussed in Section 
2.3, the geometric modeling module and other analysis 
modules in CACDS are wrapped by using flexible 
extension tool provided by KEACDE. Every module 
of CACDS has its input and output files or parameters. 
Through these input and output files and parameters 
CACDS integrates and drives all sub-modules to per-
form modeling or analysis tasks under its operating 
framework. After finishing the design and analysis 
tasks, CACDS combines all output parameters into a 
complete output file. The input file stores the input 
parameters used in the aircraft parametric modeling 
process. Thus CACDS can be considered as a func-
tional component which has input and output. There-
fore integrating ModelCenter as the optimizer of 
CACDS, it is just necessary to parse the input and 
output file of CACDS, define the design variables, 
constrains and optimization objectives to carry out the 
optimization tasks. A series of optimization templates 
has been wrapped, such as direct DOC template, flight 
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performance optimization template, multi-objective 
optimization template of aerodynamic and weight, etc. 
Designers can either use these templates to carry out 
optimization tasks or to define their own optimization 
activities in CACDS. These optimization templates are 
saved in ModelCenter’s pxc file form. Fig. 16 shows 
the process of carrying out of the optimization task in 
CACDS. 
 
Fig. 16  Carrying out optimization task in CACDS. 
3.8. Basic database of CACDS 
CACDS has developed a series of built-in web- 
based libraries using EBD of KEACDE basic suite. 
The libraries are presented as follows: 
(1) Airplane library, which is fully extensible and 
contains a wide range of planes’ physical and per-
formance data. Designers can use these airplanes’ data 
either as reference or as the starting point for new air-
plane concepts. Currently, about 100 airplanes’ data 
are available, including Boeing, Airbus and other 
manufacturers’ airplanes. Fig. 17 shows the airplane 
library. 
 
Fig. 17  Airplane library. 
(2) Airfoil library, which stores over 1 000 pieces of 
airfoils’ data, such as NACA (National Advisory 
Cominittee for Aeronautics) series, GOE series, EP-
PLER series, etc. Designers can check the characteris-
tics of airfoils and use them to model wings and em-
pennages in CACDS. Fig. 18 is the airfoil library. 
 
Fig. 18  Airfoil library. 
(3) Powerplant library, which stores the power-
plant’s data, including models, thrust data and other 
characteristics of engines. 
(4) Seat library, which stores different types of seats’ 
data. Designers can use these data to carry out cabin 
layout tasks in CACDS. 
Beside the libraries listed above, CACDS also pro-
vides some other basic databases, such as load device 
container library, landing gear library, equipment li-
brary, etc. 
4. Case Study 
To demonstrate the usability of KEACDE, a design 
case, which is a 150 seat, single aisle civil airplane 
named CJX, is presented based on the functions of 
CACDS. 
This paper modeled the CJX with the geometry 
module of CACDS. The fuselage, wings, empennages, 
nacelles and other basic components were constructed 
firstly. Secondly, portholes, doors and windshields of 
the fuselage were generated. Next, the structures and 
tanks of wings were modeled. After that, the cabin and 
cargo layout were carried out. Finally, we finished the 
engine layout and landing gears layout. The geometry 
of CJX is shown in Fig. 19. 
 
Fig. 19  Geometry of CJX. 
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After the geometry modeling, a series of analysis 
was conducted. The analysis of weight and cost were 
carried out through the module of weight calculation 
and cost estimation module of CACDS. Table 2 and 
Table 3 are the calculation results of the weight and the 
cost. 






Maximum take-off weight 73 804.94  
Operational empty weight 37 739.01 51.13 
Structure weight 17 151.20 23.24 
Fuel weight 18 496.36  25.06 
Weight of wing  4 435.183   6.009 
Weight of fuselage  6 118.123   8.289 
Weight of empennages  1 786.764   2.421 
Weight of landing gears  3 017.247   4.088 
Weight of nacelles  1 793.969   2.431 
Powerplant weight  5 784.657   7.838 
Fixed equipment weight  9 449.895  12.809 




Life cycle cost/(106 dollars) 115 288.01 
RDTE cost/(106 dollars)   1 380.97 
Acquisition cost/(106 dollars)   9 435.65 
Operating cost /(106 dollars) 103 316.43 
Disposal cost/(106 dollars)   1 153.12 
Direct operating cost/(dollar·nm−1)     15.92 
Flying cost/(dollar·nm−1)      6.44 
Maintenance cost/(dollar·nm−1)      3.21 
Depreciation cost/(dollar·nm−1)      4.97 
Fees cost/(dollar·nm−1)      0.14 
 
The aerodynamic characteristics of CJX were ana-
lyzed using PANAIR in CACDS. The aerodynamic 
characteristics of the wings were explored. By using 
the functions provided in CACDS of automatic grid 
generation and fast calculation in PANAIR, it was 
found that when the angle of attack is 2.51°, the maxi-
mum lift-drag ratio of the wings at Mach number Ma = 
0.78 at the altitude of 11 km is 34.55. In the analysis 
process, the effect of winglets on the aerodynamic 
performance was not taken into account. Fig. 20 shows 
the lift-drag ratio of the wings at different angles of 
attack. Fig. 21 shows the pressure distribution of the 
wings’ surface. Considering the viscous drag is not 
included in the computation of PANAIR, this result of 
lift-drag ratio is higher than the actual lift-drag ratio in 
this statement [20-23]. Thus in the future work, correc-
tion of viscous drag will be carried out and added to 
PANAIR to improve its calculation accuracy for drag.  
 
Fig. 20  Wing lift-drag ratio at different angles of attack. 
 
Fig. 21  Pressure distribution of wings’ surface. 
The optimization of CJX was also carried out. The 
optimization template of the cost defined in CACDS is 
used to get the lowest direct operating cost of the con-
cept. Considering the calculation speed and accuracy 
needed in the optimization process, PANAIR is used as 
the aerodynamics analysis tool in this optimization. In 
order to reduce the difficulty of this optimization 
problem, the effect of winglets on the airplane's aero-
dynamic performance was not taken into consideration 
in the optimization process. In this optimization case, 
the DOC was set as optimization objective. The calcu-
lation of DOC used the DOC calculation model pro-
posed by Roskam [18]. The Roskam’s DOC model is a 
parametric DOC analysis model so it is suitable for the 
optimization task. The design variables in this optimi-
zation case include the spanwise lengths, taper ratios 
and sweep angles of the inboard and outboard wing 
segments and the wing root chord length. Wing load-
ing and drag coefficient are used as constraints. The 
optimization method of Boeing design explorer sup-
plied in ModelCenter is used for optimization. After 93 
runs, an optimum is obtained. Table 4 lists the main 
data of the initial and optimized concepts. 
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Table 4  Comparison between initial and optimized concepts 
Optimum Parameter Allowable range Initial concept Optimized concept
Optimization objective DOC/(dollar·nm−1)  15.919 1 15.618 3 
Spanwise length of the inboard wing (one side)/ m 5.2-7.2 6.412 5.2 
Taper ratio of the inboard wing 0.44-0.60 0.52 0.596 563 
Sweep of the inboard wing/(°) 22-32 27.39 22 
Wing root chord length/m 6.40-7.12 6.921 7.02 
Spanwise length of t outboard wing (one side)/m 9-10.5 9.84 9 
Taper ratio of outboard wing 0.30-0.45 0.406 0.3 
Design variable 
Sweep of outboard wing/(°) 22-32 27.39 22 
Wing loading/( kg·m−2) 540-620 588.49 578.17 
Constraint 
Drag coefficient of wing <0.015 21 0.015 21 0.015 004 
 
During the optimization process, the sensitivities of 
design variables to the optimization objective were 
analyzed. The analysis of sensitivity used the method 
of main effect. A main effect of a design variable is 
defined as the change in optimization objective with 
respect to this design variable. Thus, the design vari-
able with the largest main effect is assumed to have the 
greatest influence on the optimization objective. The 
analysis of the main effect of design variables is ob-
tained through design of experiment (DOE) design. A 
full factorial design is selected as the DOE method. 
The full factorial design samples all design variables at 
their upper and lower values and gets the main effects. 
The upper and lower values of each variable are shown 
in Table 4, column 3. The analysis result of the main 
effect was obtained and shown in Table 5. Fig. 22 
shows the main effect chart generated from Model-
Center. It can be concluded that spanwise lengths of 
the inboard and outboard wing segments, sweep of the 
outboard wing and the wing root chord length are 
more sensitive parameters in this optimization case. 
The spanwise length and the wing root chord length 
are main parameters which affect the aspect ratio of 
wing. Aspect ratio will affect the wing lift-drag ratio 
and thus affect the DOC. Also spanwise length and the 
wing root chord length will significantly affect the 
weight of the wing and thus affect the DOC. Sweep of 
the outboard wing is another important parameter 
which can affect the wing lift-drag ratio and thus affect 
the DOC. So the sensitivity analysis result is reason-
able. 
Table 5  Main effects of design variables   % 
Parameter Main effect 
Spanwise length of inboard wing 29 
Taper ratio of inboard wing 2 
Sweep of inboard wing 5 
Wing root chord length 13 
Spanwise length of outboard wing 32 
Taper ratio of outboard wing 3 
Sweep of outboard wing 16 
 
Fig. 22  Main effects chart generated from ModelCenter. 
5. Conclusions 
An open and knowledge-based aircraft conceptual 
design system, called knowledge-based and extensible 
aircraft conceptual design environment is presented in 
this paper. It provides the possibility of allowing de-
signers to wrap individual knowledge components and 
databases to make their own aircraft conceptual design 
system. This paper presents the architecture of 
KEACDE, the methodology of constructing knowl-
edge-based components and the extensible basic data-
base of KEACDE. A built-in web-based civil airplane 
conceptual design system which is constructed using 
KEACDE basic suite, is also introduced in this paper. 
The possibility of carrying out conceptual design tasks 
in CACDS has been tested through a design case. Ac-
cording to the validation of the design case, the results 
have justified the feasibility, reliability and application 
prospects of KEACDE. 
The contribution to the aircraft conceptual design 
methods and techniques of this paper are concluded as 
follows: 
(1) The parametric aircraft configuration design and 
geometric modeling method is studied. Multidiscipli-
nary analysis method based on configuration parame-
ters is established. The foundation of parametric de-
sign and analysis techniques can accelerate the con-
ceptual design process and shorten the design time. 
(2) The automatic analysis workflow is established. 
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The comparatively high precision analysis method 
such as panel method for aerodynamics is introduced 
to the early design phase. It improves the accuracy of 
analysis result involved in the conceptual design proc-
ess. 
(3) The analysis and optimization of cost are taken 
into consideration in the conceptual design phase. The 
parametric aircraft cost analysis method and tool are 
established in this paper. 
References 
[1] Zhang R Q, Noon C, Winer E, et al. Immersive product 
configurator for conceptual design. AIAA-2007-1931, 
2007.  
[2] Manning V M. Large-scale design of supersonic air-
craft via collaborative optimization. PhD thesis, De-
partment of Aeronautics and Astronautics, Stanford 
University, 1999. 
[3] Anemaat W A, Schueler K L. Airplane configuration 
layout design using object-oriented methods. AIAA- 
1997-5510, 1997. 
[4] Myklebust A, Gelhausen P. Improving aircraft concep-
tual design tools—new enhancement to ACSYNT. 
AIAA-1993-3970, 1993. 
[5] Raymer D P. RDD-student: software for aircraft de-
sign, sizing, and performance. AIAA: AIAA Education 
Series, 1999.  
[6] Raymer D P. An update on RDS-professional. AIAA- 
1996-5567, 1996. 
[7] Liu H, Wu Z, Wang G L, et al. Implementation of a 
sketch based approach to conceptual aircraft design 
synthesis and modeling. Chinese Journal of Aeronau-
tics 2004; 20(4): 207-214. 
[8] Hahn A S. Vehicle sketch pad: a parametric geometry 
modeler for conceptual aircraft design. AIAA-2010- 
657, 2010. 
[9] Fredericks W J,  Antcliff K R, Costa G, et al. Aircraft 
conceptual design using vehicle sketch pad. AIAA- 
2010-658, 2010. 
[10] Sooy T J, Schmidt R Z. Aerodynamic predictions, 
comparisons, and validations using missile Datcom(97) 
and aeroprediction 98(AP98). AIAA-2004-1246, 2004. 
[11] Roberts R W, Canfield R A, Blair M. Sensor-craft 
structural optimization and analytical certification. 
AIAA-2005-1458, 2005. 
[12] ANSYS CFX. <http://www.ansys.com/Products/cfx. 
asp>. Accessed, 2010. 
[13] Nathman J K. Induced drag of high-aspect ratio wings. 
AIAA-2005-1033, 2005. 
[14] Perez R E, Chung J, Behdinan K. Aircraft conceptual 
design using genetic algorithms. AIAA-2000-4938, 
2000. 
[15] FLUENT flow modeling software. <http://www.fluent. 
com/software/fluent/>. Accessed, 2010. 
[16] Editorial board of aircraft flight performance calcula-
tion manual. Aircraft flight performance calculation 
manual. Beijing: Aircraft Dynamics Press, 1987. [in 
Chinese] 
[17] Jin C J, Fan L Q. Flight dynamics: aircraft flight per-
formance calculation. Beijing: National Defence In-
dustry Press, 1990. [in Chinese] 
[18] Roskam J. Airplane design, Part VIII: airplane cost 
estimation and optimization: design, development 
manufacturing and operating. Lawrence: The Univer-
sity of kansas, 2000. 
[19] Malone B, Papay M. ModelCenter: an integration en-
vironment for simulation based design. Simulation In-
teroperability Workshop. 1999. 
[20] Maqsood A, Masud J, Mehdi A. Aerodynamic evalua-
tion of wing-strake modification by higher order panel 
method. AIAA-2007-677, 2007. 
[21] Fornasier L. Linearized potential flow analysis of com-
plex aircraft configurations by HISSS, a higher-order 
panel method. AIAA-1985-0281, 1985. 
[22] Sidwell K, Baruah P, Bussoletti J. PANAIR—a com-
puter program for predicting subsonic or supersonic 
linear potential flows about arbitrary configurations 
using a higher order panel method, Volume II user’s 
manual. NASA CR-3252, 1980. 
[23] Goetz A R, Osborn R F, Smith M S. Wing-in-ground 
effect aerodynamic predictions using PANAIR. AI-
AA-1984-2429, 1984. 
Biographies: 
FENG Haocheng  Born in 1986, he received B.S. degree 
from Beihang University in 2008, and then became a Ph.D. 
candidate there. His main research interests are aircraft con-
ceptual design and associated technologies. 
E-mail: feng_slamdunk@163.com 
 
LUO Mingqiang  Born in 1981, he received B.S. and 
Ph.D. degrees from Beihang University in 2004 and 2008. 
His main research interests are computer aided aircraft con-
ceptual design and associated technologies. 
E-mail: lmq19810222@163.com 
 
LIU Hu  Born in 1980, he received B.S. and Ph.D. degrees  
from Beihang University in 2000 and 2004. His main re-
search interests are computer aided aircraft conceptual de-
sign and associated technologies. 
E-mail: aerodesigner@163.com 
 
WU Zhe  Born in 1957, he is a professor and doctoral su-
pervisor of Beihang University. His main research interests 
are aircraft conceptual/preliminary design and associated 
technologies. 
E-mail: wuzhe@china.com 
 
